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P r o g r e s s  R e p o r t  
1 .O I n t r o d u c t i o n  
Work d u r i n g  t h e  p e r i o d  from August 1 t h r o u g h  December 31, 1986 on NASA 
G r a n t  No. NAGW-881 h a s  f o c u s e d  on (1 )  a c q u i s i t i o n  o f  t h e  r e m o t e l y  s e n s e d  
d a t a  f o r  t h e  1985-86 h y d r o l o g i c  y e a r ,  ( 2 )  c o n t i n u a t i o n  o f  t h e  f i e l d  
measurement  program, ( 3 )  c o n t i n u e d  a c q u i s i t i o n  and  c o n s t r u c t i o n  of p a s s i v e  
microwave r emote  s e n s i n g  i n s t r u m e n t s ,  ( 4 )  a c o m p i l a t i o n  of d a t a  n e c e s s a r y  
for a n  i n i t i a l  water b a l a n c e  c o m p u t a t i o n ,  and  (5)  p a r t i c i p a t i o n  w i t h  t h e  
EOS S i m u l t a n e i t y  T e a m  i n  r e v i e w i n g  t h e  F e a t h e r  R i v e r  w a t e r s h e d  a s  a 
p o s s i b l e  s i t e  f o r  a s i m u l t a n e i t y  expe r imen t .  Theee a c t i v i t i e s  combined 
w i t h  t h e  a c t i v i t i e s  r e p o r t e d  i n  o u r  l a s t  p r o g r e s s  r e p o r t  w i l l  p r o v i d e  a 
b a s i s  for c h a r a c t e r i z i n g  t h e  p r o c e s s  o f  water l o s s  f rom p l a n t s  and  s o i l s .  
2.0 A c q u i s i t i o n  of  Remotely Sensed  Data 
The f o l l o w i n g  t a b l e  summarized t h e  r e m o t e l y  s e n s e d  d a t a  a c q u i r e d  f o r  
t h e  1985-86 h y d r o l o g i c  y e a r .  These d a t a  w i l l  be a n a l y z e d  i n  t h e  f i r s t  
h a l f  of 1987 as  i n p u t  i n t o  t h e  w a t e r  b a l a n c e  models .  
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Imagery Type A c q u i s i t i o n  Date and Extent  
TI4 data  
TMS data  
AIS data  
AVHRR data  
Photography 
Ju ly  27 ,  1986 
August 28 ,  1986 
6/31/86 (temperature t r a n s e c t  and 
f i e l d  measurement sites o n l y )  
9/29/86 ( f i e l d  measurement sites o n l y )  
22 p a s s e s  (Oct 85 - Aug 86)  
1:24000 c o l o r  9-11-86 ( f i e l d  measurement 
1 :12000 color 7-13-86 s i t e s  o n l y )  
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3.0 C o n t i n u a t i o n  of t h e  F i e l d  Movement Program 
Two o f  t h e  t h r e e  p roposed  s e t s  o f  t r a n s p i r a t i o n  measurements  were 
o b t a i n e d  d u r i n g  t h e  1986 f i e l d  measurement ;3zog2am. Fou l  w e a t h e r  f o r c e d  
t h e  c a n c e l l a t i o n  of t h e  t h i r d  measurement s e t .  The f o l l o w i n g  p a r a g r a p h s  
o u t l i n e  t h e  measurements  t a k e n  and  d e s c r i b e  t h e  a n a l y s i s  t o  b e - p e r f o r m e d .  
3.1 S e a s o n a l / D i u r n a l  Measures  of Water R e l a t i o n s  
Two s e a s o n a l  s e t s  o f  d i u r n a l  measurements  of water r e l a t i o n s  were 
o b t a i n e d :  1)  l a t e  J u l y  r e p r e s e n t i n g  l a t e  summer, o r  peak w a t e r  stress 
c o n d i t i o n s ;  and  2 )  l a t e  Augus t /September ,  j u s t  p r i o r  t o  f a l l  r a i n s .  
F i v e  s i t e s  were s e l e c t e d  w i t h i n  t h e  w a t e r s h e d  i n  which t h e  v e g e t a t i o n  
was r e l a t i v e l y  u n i f o r m  w i t h i n  a n  a r e a  30 x 30 m.  T h i s  w i l l  p e r m i t  r e a d y  
i d e n t i f i c a t i o n  o f  t h e  t h e r m a l  s i g n a t u r e  f rom a p i x e l - s i z e d  area w i t h i n  t h e  
sample  a r e a .  
The f o l l o w i n g  measu res  were o b t a i n e d  on e a c h  e i t e :  
1 )  l e a f  c o n d u c t a n c e :  L I - C O R  1600 l e a f  d i f f u s i o n  po romete r .  
2 )  xylem p r e s s u r e  p o t e n t i a l :  S c h o l a n d e r - t y p e  p r e s s u r e  bomb. 
3 )  l e a f  temp., r e l a t i v e  h u m i d i t y ,  l i g h t  i n t e n s i t y  ( a t  t h e  t i m e  of  e a c h  
measure  of w a t e r  r e l a t i o n s )  . 
4 )  s o i l  w a t e r  d e p l e t i o n :  Nuc lea r -ch icago  n e u t r o n  p robe .  ( S i t e  5 and 6 
o n l y )  . 
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S i x  s i t e s  were sampled: 
#l. Mixed C o n i f e r  
A g r o u p  o f  t h r e e  a d j a o z n t  t z e e s ,  one e a c h  of  p o n d s r o s a  p i n e  ( P i n u s  
p o n d e r o s a ) ,  D o u g l a s - f i r  (Pseudo t suga  m e n z i e s i i ) ,  and  w h i t e  f i r  (Ab ies  
c o n c o l a r ) .  Each t r e e  was 25-m t a l l  w i t h  a l i v e  crown e x t e n d i n g  a l m o s t  
t o  t h e  ground.  Water r e l a t i o n s  were earnpled on t h e  s o u t h  s i d e  o f  t h e  
crown,  a t  f i v e  v e r t i c a l  p o s i t i o n s  form t h e  t o p  o f  t h e  t r e e  t o  t h e  b a s e  
of t h e  l i v e  crown, u s i n g  a h y d r a u l i c  b u c k e t  t r u c k .  
Leaf c o n d u c t a n c e  was measured on e a c h  t r e e ,  on e a c h  o f  t h r e e  a g e  
c l a s s e s  o f  f o l i a g e ,  a t  e a c h  h e i g h t  p o s i t i o n .  
Xylem p r e s s u r e  p o t e n t i a l  was measured on c u r r e n t  y e a r ' s  f o l i a g e  f o r  
D o u g l a s - f i r  and w h i t e  f i r ,  and  on e a c h  o f  t h r e e  age c l a s s e s  f o r  
p o n d e r o s a  p i n e .  
Measures  were made f o u r  t i m e s  d u r i n g  t h e  d a y ,  f rom dawn t o  d a r k .  
#2. S e r p e n t i n e  S o i l  
These s h a l l o w  s o i l s ,  which a r e  common i n  t h e  wa te r shed ,  a r e  low 
q u a l i t y ,  h i g h  in magnesium c o n t e n t ,  and s u p p o r t  s c a t t e r e d  20-rn t a l l  
J e f f r e y  p i n e  t r e e s  ( P i n u s  j e f f r e y i ) .  Ground v e g e t a t i o n  i s  w h i t e h o r n  
( A r c t o s t a p h y l o s  c o r d u l a t u s ) .  T h i s  low s i t e  s i t e  p r o b a b l y  h a s  r a p i d  
s o i l  water d e p l e t i o n  r e s u l t i n g  i n  e a r l y  p l a n t  w a t e r  stress. 
Water r e l a t i o n s  were measured on two s i m i l a r  t r e e s ,  on t h r e e  l e a f  
Bees, a t  e a c h  of f i v e  h e i g h t  p o s i t i o n s ,  f o u r  t imes d u r i n g  t h e  day.  
#3 Meadow V e g e t a t i o n  
a) Willow ( S a l i x  epp . )  
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Sampl ing  was done on one l e a f  a g e ,  a t  th ree  crown p o s i t i o n s  w i t h i n  
t h e  canopy,  w i t h  f o u r  r e p l i c a t i o n s ,  and  f i v e  times d u r i n g  t h e  day.  
b Sedge  (Carex  s p p . )  
T h i s  eample ,  g rowing  i n  a n o n - s t r e s s  c o n d i t i o n  i n  f r e e  water,  
c o n s i s t e d  of one l e a f  age  r e p l i c a t e d  t h r e e  t imes,  f i v e  times d u r i n g  
t h e  day .  
#4 Hardwood 
Q u e r c u s  k e l l o g g i i ,  one t r ee  3-m t a l l :  two l e a f  a g e s ,  a t  mid-crown, 
r e p l i c a t e d  two t imes ,  and measured f o u r  t imes  d u r i n g  t h e  day.  
#5 B r u s h f i e l d  
Uniform c o v e r  of  d e e r b r u s h  (Ceano thus  i n t e g e r r i u m u s ) ,  m a n z a n i t a  
( A r c t o s t a p h y l o s  p a t u l a ) ,  and p l a n t e d  J e f f r e y  p i n e ,  a l l  l - m  t a l l .  More 
t h a n  95% o f  t h e  l eaf  a r e a  on t h e  s i t e  c o n s i s t e d  o f  t h e  two s h r u b  
s p e c i e s .  One f o l i a r  age  was sampled on t h e  s h r u b s ,  and  t h r e e  on t h e  
c o n i f e r  s a p l i n g s ,  a t  one crown p o s i t i o n s ,  f i v e  t imes d u r i n g  t h e  day.  
#6. C o n i f e r  
Three  4-m-tall  t rees  from t h e  same seed s o u r c e  were s e l e c t e d  i n  a 
l a r g e  u n i f o r m  p l a n t a t i o n  of 7-year -o ld  p o n d e r o s a  p i n e  t r ee s .  Measures  
of water r e l a t i o n s  were made on t h r e e  a g e  c l a s s e s  o f  f o l i a g e ,  a t  three 
h e i g h t s  w i t h i n  t h e  crownl  on b o t h  t h e  n o r t h -  and  s o u t h - f a c i n g  s i d e s ,  
f i v e  t imes d u r i n g  t h e  day.  
On e a c h  s a m p l i n g  d a t e ,  r e f l e c t e d  t e m p e r a t u r e  above  t h e  canopy was 
measured f o u r  times d u r i n g  t h e  d a y ,  a t  six l o c a t i o n s  w i t h i n  t h e  s t a n d ,  
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u s i n g  a h y d r a u l i c  b u c k e t  t r u c k  and  a hand-held i n f r a - r e d  t e m p e r a t u r e  
s e n s o r  . 
3.2 U e a s u r e s  of Crown Cover and Leaf Area 
B r u s h f i e l d :  Seven  t r a n s e c t s  t o t a l l i n g  800 m were i n s t a l l e d  t o  
es t imate  crown c o v e r  by s p e c i e s .  E i g h t  0.1 m2 samples were o b t a i n e d  
f rom each t r a n s e c t  t o  d e t e r m i n e  t h e  amount o f  f o l i a g e ,  by s p e c i e s ,  p e r  
u n i t  of s u r f a c e  area.  
C o n i f e r :  T o t a l  l e a f  number p e r  w h o r l ,  i n  each o f  t h ree  age c l a s s e s  of 
f o l i a g e ,  was c o u n t e d  on e a c h  of t h e  th ree  t r e e s  on S i t e  #6,  and  on t h e  
small  s a p l i n g s  i n  S i t e  # 5 .  These measu res  w i l l  p r o v i d e  a c c u r a t e  
es t imates  o f  t o t a l  l e a f  area and w e i g h t .  
3.3 A n a l y s e s  
A l l  d a t a  have  been  e n t e r e d  i n t o  t h e  computer  and  a n a l y s e s  a r e  i n  
p r o g r e s s  f o r  a n  e v a l u a t i o n  o f :  
1) e n d  of s e a s o n  s o i l  water d e p l e t i o n  on S i t e s  5 and  6. 
2)  compar i son  of w a t e r s h e d  v e g e t a t i o n  i n  terms o f :  
a) r e l a t i v e  c a p a c i t y  t o  c o n t r o l  water u s e  t h r o u g h  s t o m a t a l  c l o s u r e .  
b) r e l a t i v e  r a t e s  of  t r a n s p i r a t i o n .  
c )  r e l a t i v e  c a p a c i t y  f o r  d i u r n a l  u s e  o f  w a t e r .  
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d )  wi th in-crown v a r i a b i l i t y  i n  water u s e .  
3) g round  t r u t h  d a t a  o f  w a t e r  use p e r  u n i t  o f  ground a rea ,  and above 
canopy t e m p e r a t u r e ,  f o r  i n t e r p r e t i n g  r e m o t e l y - s e n s e d  ET. 
4.0 P a s s i v e  Microwave 
C o n s t r u c t i o n  of  t h e  p a s s i v e  microwave i n s t r u m e n t s  c o n t i n u e  and  s h o u l d  
be f u l l y  o p e r a t i o n a l  by t h i s  y e a r ' s  f i e l d  measurement  program. A s u p p o r t  
s t r u c t u r e  f o r  t h e  d i s h  h a s  been  assembled, and  m o t o r i z e d  a c t u a t o r s  have 
b e e n  added.  They a l l o w  a u t o m a t i c  s c a n s  of 1000 i n  h o r i z o n t a l  d i r e c t i o n ,  
and  500  i n  v e r t i c a l  d i r e c t i o n .  The mount and d i s h  a re  now s t o r e d  away 
for t h e  w i n t e r .  S i n c e  we do n o t  e x p e c t  t o  u s e  them d u r i n g  t h e  bad s e a s o n ,  
we p r e f e r r e d  t o  a v o i d  t h e  chance  of g u s t y  winds damaging t h e  s t r u c t u r e .  
We are  working  on t h e  i n t e r f a c e  between t h e  a c t u a t o r s '  c o n t r o l  u n i t  and 
t h e  compute r ;  w e  p l a n  t o  modify t h e  e l e c t r o n i c s  so t h a t  we w i l l  be a b l e  t o  
c o n t r o l  t h e  speed  and  e x t e n t  of t h e  s c a n  f rom t h e  computer  keyboard .  We 
are  u s i n g  a n  LSI 11/23 u n i t  f o r  deve lopment  and t e s t i n g ,  b u t  w e  p l a n  t o  
a c q u i r e  and  modify one (or two)  smaller p r o c e s s o r s ,  b a t t e r y  powered f o r  
ease o f  u s e  i n  t h e  f i e l d ,  for i n s t r u m e n t  c o n t r o l l i n g  and d a t a  
a c q u i s i t i o n .  The T o s h i b a  (IBM c o m p a t i b l e )  PC's  seems t o  be o u r  b e s t  
p o s s i b i l i t y .  
The C- and IC-band d u a l  p o l a r i z a t i o n  r e c e i v e r s  have been  t e s t e d  f o r  
r a d i o m e t r i c  c h a r a c t e r i s t i c s ,  and  matched t o g e t h e r .  The s i z e  o f  t h e  f r o n t  
and amplffier-dOWnCQnVerterS assembly  (wh ich  i s  housed  a t  t he  pr ime f o c u s  
o f  t h e  d i s h )  is l a r g e r  t h a n  we e x p e c t e d  o r i g i n a l l y ;  i t s  shadow migh t  
r e d u c e  e f f i c i e n c y  and s i d e l o b e s  r e j e c t i o n ,  b u t  w e  w i l l  h ave  t o  t e s t  f o r  
this e f fec t .  
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DC ampl i f i e r s  and  i n t e g r a t o r s  have been  d e s i g n e d ,  and  a re  c u r r e n t l y  
b e i n g  b u i l t  i n  o u r  e l e c t r o n i c  shop.  A mador c o n c e r n  o f  o u r s  has  been t h e  
p o s s i b i l i t y  of c r o s s - t a l k  between c h a n n e l s ,  w i t h  so  many d i f f e r e n t  l i n e s  
r u n n i n g  n e x t  t o  e a c h  o t h e r ;  t h e  f i n a l  d e s i g n  c a l l s  f o r  2 K-, 2 C- ,  and 
12L-band c h a n n e l s .  The RF amplif iers  have been  t e s t e d  f o r  t h i s  e f f e c t ,  
end  have  shown t o  be immune u n d e r  l a b o r a t o r y  c o n d i t i o n s .  We w i l l  t e s t  a l s o  
cables  and  c o n n e c t o r s ,  and  make s u r e  t h a t  no  c o u p l i n g  e x i s t s  t h r o u g h  t h e  
power l i n e s .  As a c h e a p e r  and more v e r s a t i l e  a l t e r n a t i v e  t o  commerc ia l ly  
a v a i l a b l e  d e t e c t o r s ,  w e  a r e  a s s e m b l y i n g  t h e  d e t e c t o r  d i o d e  e l e m e n t s .  
L a b o r a t o r y  s t u d i e s  o f  sample  p r o p e r t i e s  have c o n t i n u e d .  
5.0  I n i t i a l  Water Ba lance  Computa t ions  
Dur ing  t h e  p a s t  6 months r e p r e s e n t e d  by t h i s  p r o g r e s s  r e p o r t  a n  
i n i t i a l  water b a l a n c e  was made of t h e  184 s q u a r e  mile S p a n i e h  C r e e k  
w a t e r s h e d ,  a t r i b u t a r y  of t he  F e a t h e r  R i v e r  f o r  a r a n g e  o f  v e r y  d r y  t o  
v e r y  w e t  y e a r s .  T h i s  was made u s i n g  no  r emote  s e n s i n g  d a t a .  A s e r i e s  of 
much w a t e r  b a l a n c e s  w i l l  u l t i m a t e l y  s e r v e  a s  t h e  b a s i s  f o r  t h e  improved 
a s s e s s m e n t  t e c h n i q u e s  u s i n g  remote s e n s i n g  d a t a  d u r i n g  t h e  coming y e a r .  
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5.1 P r o c e d u r e  
The c h o i c e  of t h e  S p a n i s h  Creek watershed  f o r  i n i t i a l  t r i a l  water 
b a l a n c e  e s t i m a t e s  was made for t h e  f o l l o w i n g  r e a s o n s :  
- T h i s  watershed  c o n t a i n s  a mosa ic  of s o i l  and  v e g e t a t i o n  t y p e s  
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t y p i c a l  of much of t h e  F e a t h e r  R i v e r  Ba8in.  
- The e l e v a t i o n  r a n g e  w i t h i n  t h e  w a t e r s h e d  18 broad  enough,  ( a b o u t  
6 0 0 0 0  t o  c o v e r  much of t h e  e l e v a t i o n  r a n g e  i n  t h e  F e a t h e r  R i v e r  
B a a i n ,  and  t o  i n c l u d e  a mador  now s t o r a g e  component. 
- The w a t e r s h e d  f a  one o f  t h e  few i n  t h e  F e a t h e r  R i v e r  Baa in  which 
ha8 f l o w  unimpeded by r e s e r v o i r  8 t o r a g e  and  d i v e r 8 i o n 8 .  
- Adequate  8 t r e a n  gaging d a t a  e x i 8 t .  
- The wa te rahed  i n c l u d e 8  t h e  Headow V a l l e y  area where d e t a i l e d  p l o t 8  
f o r  r e 8 e a r c h  on i n t e r a c t i o n 8  between v e g e t a t i o n  and  aoil m o i a t u r e  
have been  e ~ t a b l i e h e d .  
The p r o c e d u r e  uaed  waa e a s e n t i a l l y  a bookkeep ing  method ba8ed upon 
e v a l u a t i n g  P r e c i p i t a t i o n  - E v a p o r a t i v e  Losse8  t o  d e t e r m i n e  a n  errtimated 
water y i e l d .  
c a l c u l a t i o n 8 ,  and  are based upon a rrimilar a p p r o a c h  used  by t h e  U.S. Army 
The f o l l o w i n g  e q u a t i o n s  r e p r e s e n t  t h e  main b a e i 8  f o r  t h e  
Corp. of ~ n g i n e e r d  
l/U.S. Army Corp o f  E n g i n e e r a ,  N o r t h  P a c i f i c  D i v i 8 i o n ,  1956 Slow 
HYDROLOGY. P o r t l a n d  Oregon 
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The l o s s e s  a re  m a i n l y  t h o s e  due t o  i n t e r c e p t i o n  l o s s  of snow and  r a i n  
s t o r e d  by v e g e t a t i o n  c a n o p i e s  u s i n g  d a t a  form t h e  v a r i o u s  w e s t e r n  Snow 
Hydrology l a b o r a t o r i e s ,  and  e s t i m a t e d  a c t u a l  e v a p o t r a n s p i r a t i o n  l o s s e s  
d e r i v e d  f rom p o t e n t i a l  e v a p o t r a n s p i r a t i o n  by t h e  T h o r n t h w a i t e l l  e q u a t i o n  
and  d e p e n d e n t  upon w a t e r  b e i n g  a v a i l a b l e  t o  meet t h i s  p o t e n t i a l .  Soil 
m o i s t u r e  a n d  snow s t o r a g e  amounts  were d e t e r m i n e d  b a s e d  upon s o i l  s u r v e y s ,  
and  c u r r e n t  snow s u r v e y  da t a .  P r e c i p i t a t i o n  i n p u t s  and t e m p e r a t u r e  d a t a  
f o r  e v a p o t r a n s p i r a t i o n  c a l c u l a t i o n s  u s e d  a v a i l a b l e  weather s t a t i o n  da t a .  
A l l  c a l c u l a t i o n s  were made on a n  a r ea l  b a s i s  o v e r  t h e  S p a n i s h  Creek  
Ua te r shed  f o r  month ly  p e r i o d s  t h r o u g h  h y d r o l o g i c  yea r s  b e g i n n i n g  Oc tobe r  
1. The water b a l a n c e  e s t ima tes  were made f o r  t h e  p e a r s  b e g i n n i n g  O c t o b e r  
1 1976, 1979, and  1981. 1976 was one o f  t h e  d r i e s t  yea r s  on r e c o r d ,  1981 
one  of t h e  we t t e s t ,  and 1979 an  a v e r a g e  y e a r .  
5 .2  R e s u l t 6  
The r e s u l t s  o f  t h e  e s t i m a t e s  a r e  shown i n  t a b l e s  1-3. The 
a b b r e v i a t i o n s  f o r  t h e  components  a r e  t h o s e  used  i n  t h e  e x p l a n a t i o n  a b o v e ,  
except Q a c t  is t h e  a c t u a l  r u n o f f  as measured a t  t h e  g a g i n g  s t a t i o n .  
g / T h o r n t h w a i t e ,  C . U .  1958. G r a p h i c a l  s o l u t i o n  o f  T n o r n t h w a i t e  method. 
U.S. Weather  Bureau ,  Monthly Weather Review. Vol 8 0 .  U.S. Govt. P r i n t i n g  
Of f i ce ,  Washington ,  D.C. pp 124-128. 
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TABU 1 
SPANISH CREEK YATER BIUWCE 
Hydrologic h 8 V .  October 1, 1976-Septamk+ 31. 1977 
I I MONTH : AIINUA’ I 
f C o r F 0 W a r r  I 0 I D #  J F w ,  A n J l  J A s I TOTALI 
i 
I I 
r 
I P  I -35 1.m -12 I 2.29 2.56 1-47 ; I -35 1-54 -97 I -24 -02 1.29 i I 12.21 i 1 
I L ,  I .a .43 .05 ! .56 .52 .43 f .21 .53 .42 ! .24 .02 .65 I I I I 
P I .15 .65 . 0 6 !  1.7 2.0 1.0 .14 1.01 .H i  .17 .OO .64! 8.15: 
O i  I 
0 0 I .03 .56 .5U I .64 .09 0 I O  0 i o  I ! I 
I 
o f  
0 O I  I 
I 
# 
’ It, ! o  0 .03 I .56 .54 .69 : .@ 0 0 I O  0 
0 0 .01 i .M 1.21 2.8 i 3.3 1.95 1.06 i o 
I f 0  .01 .olr ! 1.21 2.8 3.3 ! 1.95 1.06 0 ! 0 0 0 
t -1 ou, 
tLet(Pot.) I 1.55 .64 0 ‘ 0  .M -44 i 2.04 1.99 4.67 i 4.78 5.14 2.91 I 24.69 
(Act.) I .15 .64 0 f 0 -4 .44 I 2-04 1-99 1.61 I -17 -02 -69 I 8.18 I 
i I O  0 O i o  0 O i o  0 O i o  0 0 I O  I I 
hit8 w e  incher of rater over the 1mmi2 waterattad. 
TABLE 2 
SPANISH CREEK YATER BALAICE 
Hydrologic k 8 r .  October 1, 1979 to S e p t c l k r  31, 1 9 0  
: MONTH AMMU”.: 
~ccwPolENT I 0 Y D l  J F n # A  n J ,  J A S I TOTAL I I 
1 
I P  i 5 . 9  2.07 7.65 I 9.01 11.60 3.12 I 2.33 2.56 0.66 1 0.56 .03 .05 i 4 5 . s  i 
I I 
I 
I I 
I L, I .ti9 .U6 1 . 9  ! 2.28 2.39 .79 ! .41 .b .28 ! .24 -03 .OQ : 
‘ 0  0 .31 I 4.37 3.69 12.06 I 6.48 1.96 - 8  I 0 0 0 I I 
I O  2.98 3.64 i 4 . 9  6.0 5.61 i 6.0 6.0 6.0 ! 4.57 .Y 0 I I 
I 
I I 
I I 
I p- ! 5.24 1.61 5.71 ! 6.73 8.66 2 .33 ; 1.92 2 .11 .38 1 .32 0 .01 i 35.02 
I I)! o  .31 4.37 I 3.69 12.06 6.48 I l.% .8 0 I 0 0 0 1  
i QM; i 2.93 3.6U 4 . 9  ! 6.0 5.61 6.0 ! 6.0 6.0 4.57 ! .I2 0 0 :  I 
69 68 I 1.73 2.13 2.61 ; 4.47 3.59 2.23 I 2 2 . 1  1. I Let (Pot) I 2.26 .35i .62 
I I I 8 1 
i i 
Iht (Act) I 2.26 .64 .E I .62 .68 .&I 1.73 2.13 2.61 4.W .42 . O l  i 16.76 i 
0 0 I t8.W I ; QIm 1 0  0 0 j 5.73 0 6.68 i U.71 l . l U  0 
I O.ct I .38 .45 .77 7.5 6.83 3.03 1 2.59 2.11 .S , .36 .20 .21 I 25-80 I I O  I I i I 
bit8 are incher of rater over ttw 1mmi2 umtcra~wd. 
TABLE 3 
SPANISH CREEK YATER BAlAWCE 
Hydrologic Year. October 1.1981-Scptcokr 31. 1982 
I AIIllUAL MONTH 
M J I J A S : T O T A L :  
I I 
I 
I D e  J F M I A  
I 
ICWPoNEMT : 0 
I 
IP 1 9.3 20.2 10.8 I 6.2 5.2 11.0 I 12.2 0.0 1.8 .5 .2 2 .0 :  79.4 
I L, I 1.0 2.0 1.8 I 1.6 .6 2 .7 ,  1.2 0.0 . 6 ,  .2 .1 . 4  : 12.2 : 
I 1 
I I 
P 8.3 18.2 9.0 i 4.6 4.6 8.3 i 11.0 0 1.2 0.3 0.1 1.6 f 67.2 
‘ 0  0 2.8 I 3.9 6.7 2.5 I 8.8 U.1 1.6 I 0.2 0 0 i o i  
f o  0 2.8 I 6.7 2.5 8.8 4.1 1.6 .2 I 0 0 0 I # 
‘ 0  5.0 5.0 5.0 5.0 5.0 5.0 5.0 4.2 2.8 0 O i  
5.0 5.0 5.0 i 5.0 5.0 5.0 i 5.0 1.2 2.8 i 0 0 0 ! 
J 
I 
I 
.6 1.0 i 1.8 3.3 4.0 i 4.6 U - 3  2.9 I 25.6 
I t I 
1.1 .6 i 0 
I 
[Let (Act) 1.4 1.1 .6 ! 0 .6 l . O !  1.8 3.3 4.0 3.3 .1 1.6 18.8 ; I 
@ 13.9 0 0 0 0 0 I 48.4 I 
I 
I - 4  6.2 6.1 1 2.6 5.7 3.9 10.1 4.7 1.4 I .6 .3 . 3 ;  42.4 : I I a c t  
Unit8 n e  incher depth of water over t h e  18Umi 
loo  I I I 
I Ql* I 1.9 17.1 5.6 1 2.7 8 .2 
2 W8tIW8hcd. 
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The summary r e s u l t s  o f  t a b l e s  1-3 a r e  shown i n  t h e  f o l l o w i n g  Tab le  4: 
D i f f e r e n c e  Water Year D i s c h a r g e  Q g e n e r a t e d  Q a c t u a l  
( a c r e  f e e t )  ( i n c h e s )  ( i n c h e s )  ( i n c h e s )  
1976-1977 24 , 5 0 0  
1979- 1980 250,000 
1981-1982 416,000 
0 . 0  
18.3 
47.4 
2.5 -2.5 
25.4 -7.1 
42.4 +5.0 
These  p r e l i m i n a r y  r e s u l t s  i n d i c a t e  t h a t  i n  w e t  y e a r s ,  l o s s e s  a r e  
u n d e r e s t i m a t e d ,  and f o r  medium t o  d r y  y e a r s ,  l o s s e s  a r e  o v e r e s t i m a t e d .  
A s i g n i f i c a n t  r o l e  may be  p l a y e d  by i n t e r c e p t i o n  l o s s e s  i n  t h e s e  
d i s c r e p a n c i e s .  
The u n d e r e s t i m a t e  of t h e  y i e l d  i n  t h e  v e r y  d r y  y e a r  p r o b a b l y  
r e p r e s e n t s  and u n d e r e s t i m a t e  of groundwate r  and bank e t o r a g e  y i e l d s  t o  
f l o w s ,  and  t h e  c o n v e r s e ,  t h e  o v e r e s t i m a t e s  f o r  wet y e a r 8  may r e p r e s e n t  a 
l a c k  of a c c o u n t i n g  for r e c h a r g e  of g round  w a t e r  s t o r a g e .  
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5.3 Role  o f  Remote S e n s i n g  i n  Improving t h e  Water Ba lance  Est imate  
It is t h e  p l a n  o f  t h i s  s t u d y  d u r i n g  t h e  f u t u r e  p h a s e s  of  t h e  r e s e a r c h  
t o  improve  upon t h e s e  w a t e r  b a l a n c e  es t imates  b y  t h e  f o l l o w i n g  measures :  
4 .  Improved e s t i m a t e s  of  snowpack s t o r a g e  amounts  and  d i s t r i b u t i o n  
o v e r  t h e  w a t e r s h e d s  o f  t h e  F e a t h e r  R i v e r  B a s i n  t h r o u g h  r emote  
s e n s i n g  measurements  combined w i t h  snow c o u r s e  s u r v e y  d a t a .  
2. Improved es t imates  of  t h e  t e m p e r a t u r e  p a r a m e t e r  u t i l i z i n g  A V H R R  
t he rma l  band d a t a  a s  a n  index  t o  t h e  t e m p e r a t u r e  a t  t h e  e v a p o r a t i n g  
and  t r a n s p i r i n g  s u r f a c e s  t o  use i n  a n  improved p o t e n t i a l  
e v a p o t r a n s p i r a t i o n  estimate.  
3. Use of t e m p e r a t u r e  d i f f e r e n c e s  day and n i g h t  f rom A V H R R  d a t a  t o  
d e t e r m i n e  when w a t e r  i s  no  l o n g e r  a v a i l a b l e  t o  meet t h e  demand 
imposed by p o t e n t i a l  e v a p o - t r a n s p i r a t i o n  on v e g e t a t i o n ,  and t o  
i n d i c a t e  a reas  of s h a l l o w  s o i l  m o i s t u r e  s t o r a g e  and  t h e  time of 
e x h a u s t i o n  of s u c h  s t o r e g e .  
4. Use of  r emote  s e n s i n g  d a t a  t o  d e t e r m i n e  t h e  l o c a t i o n  and  e x t e n t  of 
l a n d  and  v e g e t a t i o n  s u r f a c e s  on t h e  watershed  which a r e  u s i n g  w a t e r  
a t  t h e  f u l l  p o t e n t i a l  e v a p o - t r a n s p i r a t i o n  d r a f t  d u r i n g  t h e  water 
y e a r  . 
5. Use of r emote  s e n s i n g  d a t a  t o  d e t e r m i n e  a n o m a l i e s  i n  p r e c i p i t a t i o n  
d i s t r i b u t i o n  o v e r  t r i b u t a r y  watersheds i n  t h e  F e a t h e r  R i v e r  Bas in .  
. 
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11. C o n t i n u a t i o n  of ground c o n t r o l  su r f ace  t e m p e r a t u r e  s t u d i e s  d u r i n g  t h e  
d r y i n g  p e r i o d  o f  t h e  water b a l a n c e  i n  1987 on t h e  e x t e n s i v e  t e s t  s i t e s  
e s t a b l i s h e d  i n  1986 on t h e  n o r t h  f o r k  F e a t h e r  R i v e r  w a t e r s h e d .  
6.0  P a r t i c i p a t i o n  w i t h  t h e  EOS S i m u l t a n e i t y  T e a m  
The i n v e s t i g a t o r s  o f  t h i s  s t u d y  p a r t i c i p a t e d  w i t h  t h e  EOS S i m u l t a n e i t y  
Team l e d  by D r .  JoBea Cimino i n  a t h r e e - d a y  r e v i e w  o f  t h e  F e a t h e r  R i v e r  
Watershed f o r  p o s s i b l e  u s e  f o r  f u t u r e  s i m u l t a n e i t y  e x p e r i m e n t s .  T h i s  
r e v i e w ,  h e l d  O c t o b e r  27-29, 1986, c o n s i s t e d  o f  a w i n d s h i e l d  v i s i t  t h r o u g h  
t h e  w a t e r s h e d  w i t h  s t o p s  a t  our f i e l d  measurement  s t u d y  s i t e s .  I n  
a d d i t i o n ,  t h e  t e m p e r a t u r e  t r a n s e c t s  d e s c r i b e d  i n  o u r  f i r s t  p r o g r e s s  r e p o r t  
were a l s o  v i s i t e d  and  a n  a e r i a l  r e c o n n a i s s a n c e  o f  t h e  watershed  was 
pe r fo rmed .  F i n a l l y ,  a d i s c u s s i o n  of t h e  p o s s i b l e  u s e  o f  t h e  w a t e r s h e d  f o r  
e x p e r i m e n t s  i n  1989 was c o n d u c t e d  on t h e  l a s t  d a y .  
7.0 Work P l a n n e d  f o r  t h e  F i r s t  S i x  Honths  of 1987 
A n a l y s i s  o f  t h e  f i e l d  measurement da t a  and  c o r r e s p o n d i n g  r e m o t e l y  
a e n s e d  d a t a  w i l l  c o n t i n u e  r e s u l t i n g  i n  improved e s t ima tes  o f  water 
b a l a n c e .  T e c h n i q u e s  f o r  combining d a t a  a t  d i f f e r e n t  r e s o l u t i o n s  w i l l  be 
e x p l o r e d  u s i n g  s p a t i a l  a n a l y s i s  t e c h n i q u e s .  I n  a d d i t i o n ,  t h e  microwave 
i n s t r u m e n t s  w i l l  be comple t ed ,  t es ted ,  and  p r e p a r e d  f o r  1987 f i e l d  
e x p e r i m e n t s .  Deta i led  p l a n s  f o r  t h e  1987 f i e l d  e x p e r i m e n t s  w i l l  be  made 
i n c l u d i n g  p l a n s  t o  measure  more between v e g e t a t i o n  s p e c i e s  v a r i a b i l i t y .  
